Résumé. 2014 Abstract 2014 The smectic F and I phases have been reported to be quasi-two dimensional systems. The SF phase was shown to be the first tilted version of the hexatic phase whereas the SI phase was shown to exhibit a 2D solid-like order. We have studied the terephtal-bis (4-n decylaniline) compound (TBDA) in which the SF phase surprisingly occurs at lower temperatures than the SI phase with a higher degree of positional order. To further investigate this puzzling problem we have studied the molecular behaviour by means of H2-NMR experiments. Two deuterated samples of TBDA have been prepared so as to allow separate investigations of the aromatic core and end-chain orderings. Concerning the aromatic part the data have been interpreted in a simple model based on the reorientations of the phenyl rings about their para-axis. This analysis suggests a possible scenario for the intramolecular disordering and its influence on the intermolecular ordering through the smectic F and I phases.
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1. Introduction.
Most smectic phases are known to present either a para-crystalline order (SE, SH, SB and So phases) or a liquid-like order within the layers (SA and Sc phases). Recently this polymorphism was shown to be even larger including intermediate structures with two-dimensional order within the layers, the smectic F and I (SF and SI) which occur in some compounds with long aliphatic end-chains. These mesophases have received increasing attention since they take place in the more general context of the twodimensional melting. The structural investigations [1, 5] of these two phases in some homologues of the TBAA series have brought to light a surprising problem : the range of positional order is larger in the high temperature S, phase than in the SF phase which occurs at lower temperatures. Such an entropic loss at the level of the intermolecular organization is certainly to be compensated at another level. That of the intramolecular conformational states appears as the first possible candidate and the easiest to investigate with classical NMR experiments. This is the aim of the experiments reported in this work. Before describing them in detail let us first recall briefly the main structural features of these ordered smectic phases.
The SG phase is three dimensionally ordered and consists of strongly coupled layers; within the layers, the order is of the pseudo-hexagonal type [2, 3] . ' In the SF phase, the layers are weakly coupled so that it can be regarded as a two-dimensional system in bulk [1] . Such a phase is the first example of a stacked tilted version of the hexatic phase predicted
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:0198500460120217900 by the 2D-melting theory [4] : this phase both exhibits a short-range positional order and a long range bond orientational order within the smectic planes.
The S~ phase can be also considered as a twodimensional system [5] but differs from the SF phase by the direction of the molecular tilt relative to the rectangular lattice within the smectic planes [6] . Moreover the positional order is quasi-long ranged whereas it is short ranged in the hexatic SF phase [1, 7] . At this level it should be also pointed out that another important distinctive feature exists; the molecular packing within a plane perpendicular to the long axis appears truly hexagonal whereas it is slightly distorted from this symmetry in the SF and SG phases [8] .
We want to detect possible relationships between the structural order of the smectic F and I phases and the molecular behaviour. Among the various techniques which are sensitive to the molecular ordering, deuterium NMR (H2-NMR) has proved to be a powerful tool for probing the local orientational anisotropy [9, 10] . We have therefore used this technique to investigate the behaviour of labelled double Schiff's bases in their smectic phases. The experimental data will be analysed in terms of a simple model which helps to provide information on an essential feature of the intramolecular motions.
ExperimentaL
The main part of this work has been carried out on TBDA the homologuous compound (n = 10) of the well known terephthal-bis-[4-n-alkylaniline] series (TBAA) whose general formula is : This compound previously investigated by X-ray scattering, exhibits the following phase sequence :
For the purpose of the present study we prepared two TBDA samples with differently deuterated groups, using the deuteration process reported in reference [11] . One is specifically deuterated on the tere-
The other is perdeuterated [7] .
Typical H2-NMR spectra of TBDA-d6 and TBDAd56 are reported in figures la and 1 b respectively.
In both cases quadrupolar doublets are well apparent. The lack of a nematic phase prevents a good molecular alignment in the applied magnetic field so that the observed spectral resolution is weak and for instance lower than in case of the TBBA compound (n = 4) previously studied with the same NMR equipment [11] [12] and elsewhere [ 13] . The pairs of doublets in figure la can be easily assigned from their relative intensities and so it has been found that the doublet with the smallest splitting corresponds to the phenyl deuterons and the other to the azomethine deuterons. As in the case of TBBA the reorientation of the central ring about its para axis makes the four phenyl deuterons equivalent [ 13] . Concerning the spectrum of the TBDA-d56 (Fig. lb) [ 11 ] and [14] the assignment is obtained assuming a monotonic decrease of the doublet spacings along the chain form the first methylene groups towards the methyl end.
The general feature of the H2-NMR in liquid crystals have been discussed in detail in references [9, 10, 15] . Let tially.
Rather than discussing the variation of the phenyl and methine splittings, we propose to consider in the following their ratio R( T) reported in the lower part of the figure 2. According to [1] , this ratio is independent of the order parameter S(T) in our first approximation.
In a first step it is useful to compare the results of the TBDA-d6 (Fig. 2) with those analogous reported in figure 5 for the TBMA-d6 i.e. the first member (n = 1) of the TBAA series [17] . The [18] .
The first point is particularly relevant since it demonstrates that in the case of TBDA the presence of end-chains does not affect strongly the orientation of the long molecule axis relative to the para-axis of the phenyl rings. In other words the direction of the long axis, along which the chains are set, should be mainly defined by the configuration of the core. This remark will help us to analyse simply the variation R( T) observed on figure 2 whereas the second point quoted above will be examined further. The interpretation of the observed variation R(T) is based on the possibilities of intramolecular rotations within the aromatic core [12] [13] . We shall use a model, initially introduced by Dianoux and Volino [19] , which has been applied to the fluid phases of TBBA (SA, Sc and nematic). The angular variables which are used are defined in figure 6 and consist mainly of two conformational parameters (s and 4» and one dynamical parameter « cos 2 ~p )).
(i) E is the polar angle between the long molecular axis (Ozo) and the para-axis of the central phenyl ring.
(ii) 0 is the azimuthal angle of the long molecular axis (Ozo) in a frame (x,~, ym, z.) related to the most probable orientation of the central phenyl ring. Let us recall that the most probable molecular configuration is such that all the dihedral angles between the rigid molecular fragments correspond to minima of the potential hindering the rotations around the various bonds [20] . In figure 6 , the angle 0 corresponds to (Oh, Oxm).
( where v is the angle between the CD bond of the azomethine group and the para-axis of the aromatic ring; from the reference [19] v = 600 and vQ = 177 kHz.
As for the phenyl deuterons the splittings is given by :
The angle between the CD bond of interest and the para axis is u ( 59020 and v' = 185 MHz [19] . Then the ratio R of the splitting may be simply expressed as : Let us first consider the limit of planar molecular configurations. For a « cis » configuration in which the transverse components of the C = N dipoles are parallel [12] , the value of the angle s is zero, so that the expression (4) for R remains always lower than 2, i.e., lower than the experimental value (2.7 R 3.5). On the other hand the « trans » configuration, in which the transverse components of the C = N dipoles are antiparallel [21] , allows to obtain the right order of magnitude for R ; it corresponds to 8 = 100 which is approximately equal to that calculated directly by using standard chemical angles and bond lengths. However it should be noted that it is impossible to fit the curve R(T) by introducing in the expression (4) a value of c which differs slightly from lo° (i.e. a« trans» configuration). These remarks suggest that the resulting dipole moments of the molecules remain weak so that the dipole-dipole interaction [22] should not be the main intermolecular effect for the ordering potential in the SG, SF and Si phases.
In order to give an account for the variation R(T) through the SG, SF and S, phases, it is necessary to specify the temperature dependent terms in the expression (4 [25] . It should be also pointed out that in the case of the SE phase [26] , of its tilted version SH [11 ] and of the SG phase [27] relationships between the core behaviour and the herring-bone packing have been already evidenced. These three examples illustrate that through the ordered smectic range a strong interplay occurs between the nature of the motions of the rings and the macroscopic structure.
A close comparison of NMR results on TBDA to those previously obtained on TBBA and TBMA suggests the following molecular « scenario ». At low temperatures, in SE or in SH, it has been established that the herring-bone packing characteristic of this phase is correlated to flip-flop reorientations of the phenyl rings about their para-axis [11, 26] . With increasing temperatures the aromatic core of homologs of the TBAA series always remains close to the « trans » configuration but the reorientations of the three phenyl rings become more and more uniform. This continuous evolution is indicated by the weak decrease of the ratio ~(T). At higher temperatures the rotation of the rings becomes isotropic. This dynamical state in which the molecular symmetry is higher appears to be quite independent of temperature since the ratio R(T) remains constant, it can be considered as the last step of the intramolecular disorder generated at the level of the phenyl rings. In the case of TBDA the ratio R (7) 
